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1. Introduction
  Boesenbergia pandurata (B. pandurata)belongs to the 
Zingiberaceae family, which is a medicinal and culinary 
herb commonly used in Southeast Asia. The fresh rhizome 
has a characteristic aroma and slightly pungent taste. It 
has been used for the treatment of several diseases, such as 
apthous ulcer, dry mouth, stomach discomfort, leucorrhea 
and dysentery. In addition, antifungal activity against food 
spoilage fungi has been demonstrated[1]. Recent studies 
showed that the ethanolic extract of B. pandurata has anti-
inflammatory effects and anti-biofilm formation of multi-
species oral bacteria[2,3].
  Candida albicans (C. albicans) is the predominant fungus 
found in the oral cavity. Candida-associated denture 
stomatitis, chronic inflammatory changes of the denture-bearing 
mucosa, is a common recurring disease observed in 10% to 67% 
of denture wearers among several populations[4,5]. Adhesion of 
candida to oral surfaces is considered an essential step 
for the successful colonization of the mouth and therefore 
an important determinant in the development of infection. 
Current treatment regimens for denture stomatitis include 
the use of topical antifungal agents applied to affected 
mucosa and prostheses.
  Therefore, this study was designed to investigate the 
inhibitory effect of B. pandurata rhizome extract on the 
adhesion of C. albicans to denture acrylic surface.
2. Materials and methods
2.1. Preparation of plant extract
  Rhizomes of B. pandurata were air-dried, ground, 
extracted with 95% ethanol at room temperature for 48 h 
and then freeze dried. Approximately 7 g of extract was 
obtained from 300 g of dried ground rhizomes. The extract 
was dissolved in distilled water at 400 mg/mL and further 
diluted two-fold with normal saline solution (NSS) to the 
desired concentration. 
2.2. Preparation of acrylic strips
Objective: To investigate effect of Boesenbergia pandurata (B. pandurata) rhizome extract on 
adhesion of Candida albicans (C. albicans) to acrylic surface. Methods: Transparent acrylic 
strips were prepared and divided into three groups with pretreatment by extract solution of B. 
pandurata rhizome at concentration of 25, 50 and 100 mg/mL, respectively. After washing, 
the strips were then inoculated with two strains of C. albicans (ATCC13803 and the clinical 
isolate) (107cells/mL). Normal saline solution and 0.2% chlorhexidine gluconate were used 
as negative and positive controls, respectively. Stained the strips with modified Gram stain 
without counterstain. Adherent yeast cells were direct counted under microscope (Olympus-
CX31, Japan) in 20 randomly selected fields on each strip. The statistical significance was 
calculated by Kruskal-Wallis and Mann-Whitney non-parametric tests at a significance level 
of P < 0.05. Results: Pretreatment with B. pandurata extract significantly reduced the adhesion 
of both strains of C. albicans to acrylic surfaces in a dose dependent manner. Conclusions: 
This observation indicates that B. pandurata extract has an inhibitory effect on the ability of C. 
albicans to adhere to denture acrylic and could be employed as an antifungal agent for preventing 
denture stomatitis.
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  The acrylic strips for the adhesion assay were prepared as 
described by Samaranayake and MacFarlane (1980)[6].  Briefly, 
self-polymerized acrylic powder and monmer liquid 
were mixed in accordance with manufacturer instructions 
(Takilon, Rodent, s.r.l., Milano, Italy). The mixture was 
placed between two glass slides firmly secured at both ends 
with two binder clips. The acrylic was then polymerized in 
a hydroflask at 50 曟 for 5 mins. Subsequently, the firmed 
transparent acrylic sheet was cut into strips (5伊5 mm square 
and 0.3 mm thick). The strips were immersed in distilled 
water for one week to leach excess monomer, disinfected by 
dipping in 70% alcohol for 1 min, and washed with sterile 
distilled water. The strips were then ultrasonicated (VWR 
B9500E-DTH, VWR International,USA) for 20 mins, 
washed again in sterile distilled water, dried and checked 
for sterility.
2.3. Preparation of C. albicans suspension
  Two strains of C. albicans were used. ATCC 13803 and the 
clinical isolate, which was recently isolated from the oral 
lesion of a patient with denture stomatitis in the Faculty of 
Dentistry, Mahidol University. Identification of this isolate 
was established by germ tube formation and use of the API-
20C system (bioMerieux, UK). Candida were cultured in 
Sabouraud dextrose broth (Difco Laboratories, Detroit, USA) 
at 37 曟 for 18 h, harvested by centrifugation, and washed 
three times in phosphate buffered saline (PBS)(0.01 M, pH 
7.2). Yeast cells were counted with a hemocytometer and 
resuspended in PBS at 107cells/mL. 
2.4. Adhesion assay
  The adhesion assay was based on the method of 
Samaranayake and MacFarlane (1980) [6] with modifications. 
The prepared acrylic strips were pretreated with extract 
solutions (at concentrations 25, 50 and 100 mg/mL) for 30 
mins at room temperature. After washing with PBS, the 
strips were placed vertically in the wells of a sterile serology 
plate (Nunclon, Denmark). Approximately 400 毺L of 
the yeast-cell suspension was added to each well, which 
completely soaked the acrylic strips. The strips were then 
placed in a shaker incubator for 1 h at 37 曟 with gentle 
agitation at 120 rev/min. Normal saline solution and 0.2% 
chlorhexidine gluconate were used as negative and positive 
controls, respectively. After incubation, the acrylic strips 
were removed from the wells and washed three times by 
dipping in PBS to dislodge the loosely attached yeast cells. 
Subsequently, the strips were stained using a modified 
Gram stain without counterstain. After air-drying at room 
temperature, they were mounted on glass slides with 
glycerol and the adherent yeasts were quantified under 
microscope (Olympus CX-31, Japan). Twenty-fields at 伊400 
magnification were randomly counted for each strip[7].
  The mean number of yeasts per 20 fields was finally 
expressed as counts per square millimeter. Though 
blastospores were the predominant form of yeast in both 
candida strains, occasional hyphae were found. In order to 
standardize the measurement of adherent cells, filamentous 
forms were not counted and budding daughter cells were 
counted as individual yeast. All experiments were repeated 
on three separate occasions with duplicate determinations 
on each occasion.
2.5. Statistical analysis
  Since the data obtained from adhesion assay were not 
normally distributed, Kruskal-Wallis and Mann-Whitney 
non-parametric tests were used. In all comparisons, 
statistical significance was declared if the P-value was less 
than 0.05.
3. Results
  Pretreatment of denture acrylic surfaces with B. pandurata 
rhizome extract at concentrations of 25, 50 and 100 mg/
mL significantly reduced the adhesion of two strains of C. 
albicans (ATCC 13803 and clinical isolate) compared with 
those treated with NSS, which was used as negative control. 
The mean values for adhesion of candida were presented 
in Table 1. It was found that the inhibitory effect of the 
extract was dose-dependent. Additionally, a higher level 
Table1 
Effect of B. pandurata extract on the adhesion of C. albicans to acrylic surfaces.
C. albicans Chlorhexidine NSS
Concentrations (mg/mL)
25  50 100
      ATCC 13803 0.84暲0.05
* 10.05暲0.50 5.54暲0.36
*   3.42暲0.23
* 2.52暲0.32
* 
      Clinical isolate 0.94暲0.07
*     12.27暲0.57
△*   6.01暲0.19
△*   3.97暲0.21
△*   3.04暲0.14
△
Data are expressed as mean number of yeasts/mm2 + SEM;
*:P < 0.001 compared with NSS, a negative control;
△:P< 0.001 compared with ATCC 13803 strain in the same column.
Table 2 
Mean percentage inhibition of C. albicans adhesion to acrylic surfaces 
after pretreatment with B. pandurata. 
C. albicans Chlorhexidine
Concentrations (mg/mL)
25 50  100
ATCC 13803 91.63 43.84 65.97 74.90
Clinical isolate 92.34     50.99 △ 67.62 75.21
△:P < 0.001 compared with ATCC 13803 strain in the same column.
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of adhesion was clearly observed in the clinical isolate 
strain compared with the ATCC 13803 strain. Table 2 
showed the percentage inhibition of adhesion achieved in 
different concentrations of the extract. Greatest inhibition 
was observed at 100 mg/mL of the extract when the number 
of adherent yeasts was reduced by approximately 75%. 
Chlorhexidine gluconate, a positive control, produced 
more than 90% inhibitory effect. Despite the fact that the 
clinical isolate strain elicited higher adhesion, no significant 
differences in percentage inhibition were observed between 
the two strains except at the concentration 25 mg/mL. 
    
4. Discussion
  C. albicans is generally accepted to be an opportunistic 
fungus which is the most frequent cause of denture 
stomatitis in denture wearing patients. It is the most 
adherent Candida species due to its ability to adhere to a 
variety of materials including oral prostheses. Additionally, 
C. albicans possesses various virulence factors, such as the 
secretion of proteolytic enzymes and the ability to inhibit 
the immune defense of the host, giving it a growth advantage 
over other yeasts[8].
  There is evidence that adhesion to a surface is regarded 
as a critical prerequisite for the permanent colonization 
or infection of a site exposed to a constant flow of fluid[9]. 
The process of adhesion to denture acrylic surface may be 
especially important in denture stomatitis where C. albicans 
can adhere to the fitting surface of the upper denture to 
form a reservoir for chronic dissemination of yeast cells and 
infection of the palate[10]. Several methods have been used 
to investigate the adhesion of C. albicans to acrylic surfaces. 
Two main methods commonly used are the visual and radio-
labelling techniques. In the present study, the microscopic 
visual method was used to quantify the adhesion of candida 
in vitro. Although more time-consuming, this method could 
allow for the estimation of the differential adhesion of yeast 
and filamentous forms.    
  In the visual method, it is worth noting that a number of 
inherent variables cannot be easily controlled. Firstly, it 
is difficult to count the adherent yeast cells, which may 
aggregate on acrylic surfaces during drying of the acrylic 
material following staining process, as a result of surface 
tension forces[11]. Secondly, there is also evidence that the 
composition of the medium used for culturing yeasts prior 
to use in the assay in vitro can have a marked effect on the 
adhesion and hydrophobicity of the yeasts[12].
  By using the visual method, it is demonstrated that 30 min 
pretreatment of acrylic surfaces with B. pandurata extract 
significantly reduced the ability of both strains of C. albicans 
to adhere to these surfaces  compared with those treated 
with NSS, the negative control, and the effect was dose-
dependent. The mean percentage of inhibition of two strains 
after pretreatment with 100 mg/mL, 50 mg/mL and 25 mg/
mL of the extract were approximately 75%, 66% and 47%, 
respectively. 
  Boesenbergia pandurata, also known as fingerroot, 
Chinese ginger or krachai, has been used in folk medicine 
in Southeast Asia for the treatment of swelling, wounds and 
diarrhea. The rhizome of this plant has a strong typical odor 
and is frequently added in Thai foods as curry pastes. It 
contains 1 to 3% of essential oil. Several aroma constituents 
have been identified, 1-8 cineol, d-borneol, camphor 
and methyl cinnamate. For the non-volatile components, 
flavones and flavonoids, chalcones (cardamonin, cardomin) and 
dihydrochalcones (panduratin A) have been identified[13-15]. 
Panduratin A has been reported to have many biological 
effects, such as anti-inflammatory[16], anti-cancer[17] 
and anti-oxidant[18] properties. In dentistry, though the 
mechanisms of action still remain unclear, the potential for 
inhibiting periodontal pathogen[19] and caries-associated 
bacteria[20], as well as eliminating multi-species oral biofilm[3] 
have been demonstrated. 
  The reduction of C. albicans adhesion on acrylic surfaces 
by B. pandurata extract may be explained in several ways. 
Firstly, an important factor affecting candidal adhesion is the 
surface free energy of acrylic as this may be interfered with the 
extract components adsorbed[21]. Another factor influencing 
the adhesion is the cell surface hydrophobicity of the 
microorganism[12]. It may be speculated that B. pandurata 
extract establishes changes in cell surface properties 
of the yeasts, such as interfering with the production of 
extracellular matrix or a fibrillar floccular layer, leading to 
modulation of the cell surface hydrophobicity. Furthermore, 
the attachment of C. albicans to acrylic surfaces may be 
related to the surface adhesins. Adhesins are the fungal 
surface moieties that mediate binding of C. albicans to inert 
polymers, other cells or proteins. Some strains of C. albicans 
are more adherent than others and possess adhesins with 
different specificities[22]. Most adhesins identified to date 
are mannoproteins, and both the protein and carbohydrate 
portions have been implicated in adhesion. Therefore, it is 
possible that B. pandurata extract decreases C. albicans 
adhesion to acrylic surfaces by blocking adhesins present on 
cell wall surfaces of the yeasts.
  In the previous study, it is recognized that adhesion of C. 
albicans to acrylic is strain dependent[23]. albicans isolated 
from active lesion of the patients were more adherent to 
acrylic surfaces than other strains. However, these strains 
showed more sensitive to antifungal agent than others. The 
results presented in this study confirm this strain dependent 
effect since C. albicans isolated from the patient exhibited 
higher adhesion compared with that of ATCC 13803 strain, 
giving the mean number of adherent yeast of 12.27 cells/
mm2 and 10.05 cells/mm2, respectively. However, the 
percentage inhibition of the clinical isolate strain and ATCC 
strain by chlorhexidine and nearly all concentrations of the 
extract were not statistically different despite the clinical 
isolate strain showing a higher percentage.
  The results indicate that soaking acrylic dentures in B. 
pandurata rhizome extract for 30 mins would have potential 
to reduce candidal adhesion and may be a useful adjunct 
to treat candida-associated denture stomatitis and help 
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to prevent recurrence of the infection. Further studies are 
necessary for elucidating the mechanism of action of B. 
pandurata extract at the molecular level as well as the 
actual effect in clinical tests. 
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